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(x x )a+1 ndx ; (n 1< a < 1): (1.2)
???????????????????????Fig.1.2??? f (x) = x2?????
????????a??????????????????Fig.1.2(a)?(b)??????
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t = 0;C1 = 0;
Y = 0;C1 =C0; (2.12)






























































































































































t = 0; C = 0;
X = 0; C =C0(t); (2.19)
X ! ¥; C! 0:
? (2.18)??????????????? Fig.2.1???????? (2.18)???? 1
???????????? I, II, III, IV, V?????????????????????
?????I????????????????????????? II????????
?????????????????????????????????? III????













































































(x x )a dx : (2.24)




























G (1 a) : (2.26)
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???? f (0) =C0 6= 0??????? (2.23)?? (2.24)?????????0????




























x [ f (x) C0]: (2.29)












































t = 0; C1 = 0;
X = 0; C1 =C0 = 1:0; (2.32)
X ! ¥; C1 ! 0:








t = 0; U = 1;
X = 0; U = 0; (2.34)




















G ( (l +1)+ i)






























G ( (l +1)+ i)
G ( (l +1))G (i+1) ; (2.38)
Gnk =
G ( n+ k)
G ( n)G (k+1) : (2.39)
2.3.2.2 ??????????
????????????????? (2.11)??????????????????
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λ = 1.0, ν = 1.0 (analytical)
λ = 0.8, ν = 0.1 (analytical)
λ = 0.5, ν = 0.5 (analytical)
λ = 0.1, ν = 0.8 (analytical)
λ = 1.0, ν = 1.0
λ = 0.8, ν = 0.1
λ = 0.5, ν = 0.5














































t = 0; C = 0;
X = 0; C =C0(t); (2.41)
X ! ¥; C! 0:







































t = 0; U = C0;
X = 0; U = 0; (2.44)



















































































G ( (a+1))G (i+1) ; (2.48)
Gbk =
G ( b + k)
G ( b )G (k+1) ; (2.49)
Ggk =
G ( g+ k)








































b = 0  (analytical)
γ = 0.8, b = 1 (analytical)
γ = 0.5, b = 1 (analytical)

































b = 0  (analytical)
γ = 0.8, b = 1 (analytical)
γ = 0.5, b = 1 (analytical)























t = 0; C1 = 0;
Y = 0; C1 = 1:0; (2.52)
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G ( (l +1)+ i)
G ( (l +1))G (i+1) ; (2.56)
Gnk =
G ( n+ k)
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t = 0, C = 0 t = 0, C = 0
X = 0, C = 1:0 X = 0, C =C0(t)
























1. ?????????????? (? (3.1)??? 2??? 3?)
2. ?????????????? (? (3.1)??? 2?)
3. ????????? (? (3.1)??? 2????? 2?)
3.3 ?????????????????
34????? (3.1)???????????????????????????????























































































































































































































Fig. 3.6: ?????????????? a??? (?? 1)
??????????? Subdiffusion?????????????????????
3.4 ?????????????????
? (3.1)?????????????????????????Fig. 3.6, 3.7????
???? 1??? 2???????????????????????????????
????????????????????????????????????????


















































??b??????? 2?????? b ;g?????????????????????
???b > g?b = g?b < g??????????????b????????????
Fig.3.8??? 2????????????????????????? (a),(b),(c)??









?????????????????Fig.3.8???????? b ? g ???? b???



























































































Fig. 3.8: ???????????????? b??? (?? 2): (a). b = 0:5;g = 0:3?(b).
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t = 0; C = 0;
X = 0; C = 1:0; (4.3)
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Fig. 4.3: (b ;b) = (0.3, 0.8)????????????????????
4.3.2 2??????
? (4.2)???????????????b??????????? b? 2??????
???????????????????? Table.4.3????????????? (4.2)
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t = 0; C = 0;
X = 0; C =C0(t); (4.5)
X ! ¥; C! 0:
C0(t) = 1 (0< t  1)
C0(t) = 0 (1< t) (4.6)
4.4.2 2??????
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Fig. 4.15: (b ;g;b) = (0.3, 0.6, 0.7)????????????????????
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Fig. 4.17: ?????? (b ;g;b)?????????
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n (β, λ) = (1.0, 1.0)
Fig. 4.19: ?????????
X = 0; C1 =C0;
t = 0; C1 =C2 = 0; (4.9)
X = 1; C1 =C2;
X ! ¥; C2 ! 0:
????? Fig.4.19?????????? TL??????????????????
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Table. 5.1: ??????? [10]
?? ?
Initial tempereture: Ti (C) 300
Injection tempereture: Tj (C) 50
Density (rock): rr (kg/m3) 2.6x103
Density (fluid): rw (kg/m3) 1.0x103
Specific Heat (rock): cpr (J/kgK) 8.0x102
Specific Heat (fluid): cpw (J/kgK) 4.2x103
Porosity: j 0.1
Fluid velocity: v (m/day) 10
??????????????????
t = 0; C = 0;
X = 0; C =C0(t); (5.4)


























 = 1.0 (temperature)
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b = 0.5 (temperature)
b = 1.0 (tempetature)











































 = 1.0 (temperature)
 = 0.5 (temperature)






































































































































[1] Valgarur Stefa´nsson. Geothermal reinjection experience. Geothermics, Vol. 26, No. 1, pp.
99–139, 1997.
[2] K.P. Goyal. Injection related cooling in the Unit 13 area of the Southeast Geysers, Cali-
fornia, USA. Geothermics, Vol. 28, pp. 3–19, 1999.
[3] G. Bo¨dvarsson. Thermal problems in the siting of reinjection wells. Geothermics, Vol. 1,
No. 2, pp. 63–66, 1972.
[4] Gudmundur S. Bo¨dvarsson and Chin Fu Tsang. Injection and thermal breakthrough in
fractured geothermal reservoirs. Journal of Geophysical Research, Vol. 87, No. B2, pp.
1031–1048, February 1982.
[5] R.N. Horne. Reservoir engineering aspects of reinjection. Geothermics, Vol. 14, No. 2/3,
pp. 449–457, 1985.
[6] ????,????. ??????????????????????. ?????
??, Vol. 19, pp. 197–208, 1997.
[7] Gudni Axelsson, Olafur G. Flovenz, Steinunn Hauksdottir, Arnar Hjartarson, and Jiurong
Liu. Analysis of tracer test data, and injection-induced cooling, in the Laugaland geother-
mal field, N-Iceland. Geothermics, Vol. 30, pp. 697–725, 2001.
[8] G. Michael Shook. Predicting thermal breakthrough in heterogeneous media from tracer
tests. Geothermics, Vol. 30, pp. 573–589, 2001.
[9] Jerzy Stopa and Paweł Wojnarowski. Analytical model of cold water front movement in a
geothermal reservoir. Geothermics, Vol. 35, pp. 59–69, 2006.
































































































t = 0; C = 0;
X = 0; C = 1:0; (A.2)




t = 0; C = 0;
X = 0; C =C0(t); (A.3)
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